To assess preschool children's food consumption (24 ± 60 months) and relate these ®ndings to body composition at 70 AE 2 months. DESIGN: A longitudinal study of children's dietary intakes for selected nutrients and servings of dairy products. SUBJECTS: Fifty-three white children participating in a longitudinal study (2 ± 96 months) of children's food practices and growth. MEASUREMENTS: Using in-home interviews and trained interviewers, 18 days of dietary data and measured height and weight of each child at 6 month intervals were collected. Body composition was determined by dual energy X-ray absorptiometry. RESULTS: Dietary fat was 30 ± 33% of energy with saturated and monounsaturated fat intakes b 10% and polyunsaturated`10%. Adjusting for body mass index (BMI), GLM models to predict percent body fat (%BF) or grams of total fat (gTF) with mean longitudinal calcium intake (%BF: R 2 0.51, F 7.88, P`0.0001; gTF: R 2 0.51, F 9.84, P 0.0001) or total servings of dairy products (%BF: R 2 0.47, F 6.93, P`0.0001; gTF: R 2 0.47, F 8.31, P`0.0001) as independent variables gave signi®cant results. Higher mean longitudinal calcium (mgaday) intakes and more servingsaday of dairy products were associated with lower body fat. Males had signi®cantly less body fat (P 0.01) than females. CONCLUSIONS: Higher longitudinal intakes of calcium, monounsaturated fat, and servings of dairy products were associated with lower body fat.
Introduction
The importance of preschool children meeting their energy and growth needs is counterposed against the increasing number of overweight children in the United States. 1 In a study of 146 children over a 3 y period, the modi®able factors of dietary intake and physical activity accounted for more of the variance in body mass index (BMI) of children than the obesity status of the parents. 2 Modi®cation of children's dietary fat intake has been especially targeted because of epidemiological data indicating that dietary fat intake early in life increases an individual's risks for obesity and other diseases in adulthood. 3 In parents' efforts to meet current guidelines 4 for dietary fat intake of children as no more than 30% of energy by age 2, some higher fat foods, such as dairy products and meats, may be limited or omitted from children's diets. Dairy products are the most nutrient dense source of calcium in children's diets.
Recent human and animal studies indicated that a higher calcium intake was associated with reduced body fat or less gain of body fat over time. In a study of adipose cells in transgenic mice, high calcium, medium dairy, and high dairy diets reduced lipogenesis, stimulated lipolysis and reduced body fat accumulation at equivalent levels of energy intake. 5 The authors are conducting a longitudinal study of healthy white children (2 ± 96 months) with the initial purpose of documenting their feeding practices and growth patterns. Families of middle and upper socioeconomic status (SES) were purposefully recruited to limit the potential negative effect on children's food intake and health status associated with lower SES and limited access to health care. 6 In addition, approximately 50% of infants born in the United States are white and of middleaupper SES 7 and many of the recommended nutrient intakes are based on this population.
Extrapolation of the calcium studies using adult subjects or mice to other population groups raises a question of whether longitudinal intakes of dietary calcium and dairy products moderate accretion of body fat in young children. When longitudinal nutrient intakes and energy are adequate to promote growth, are there other dietary components that may in¯uence the amount of body fat at 70 months, an age that some children experience an adiposity rebound? 9 Our study objectives were to determine longitudinal intakes (24 ± 60 months) of the energy macronutrients (protein, fat and carbohydrate), servings of dairy products, and intakes of selected micronutrients found in dairy products (eg, calcium, vitamin D) and then relate these longitudinal dietary intakes to children's body composition at 70 ( AE 2) months.
Methods

Subjects
The study sample was composed of 53 children (29 males and 24 females) who represented a subset from a larger longitudinal study of 72 children living in the United States. 10 Nineteen children did not participate in the body composition assessment: seven parents declined, seven parents and children were not in the geographical area at 70 ( AE 2) months and ®ve children could not be scheduled within their time frame because of illnesses or scheduling con¯icts at the medical site. The protocol for bone density measurements was approved by the medical center's institutional review board.
Diet
Two Registered Dietitians (RD) conducted in-home interviews with mothers when their children were 24, 28, or 32 and 28, 32, or 36 months (two interviewsachild in the third y); all children were seen at 42, 48, 54, and 60 months of age. Interviews were done within AE 10 days of the child's birthday. Three days of dietary intake (2 week days and 1 weekend day) were collected at each of six interviews providing 18 days of dietary dataachild. The same interviewers saw the same children throughout the study period, and they probed for information and checked the completeness of mothers' responses at each interview. Also, mothers had been interviewed since their children were 2 months of age, and by 24 months they were trained in keeping accurate diet records and giving complete responses.
11
Anthropometry and body composition The children's height and weight were measured at each of the six in-home interviews, using a Center for Disease Control protocol previously described. 12 Body composition was assessed at 70 ( AE 2) months, using DEXA (Model QDR Hologic 2000). All DEXA scans used low density software. Both anthropometric and dietary data were collected simultaneously from 24 ± 60 months; however, the measurement of body composition at 70 months provided data about the cumulative physiological effects of longitudinal energy and nutrient intake on body composition. No follow-up body composition measurements were done for those 12 children who could not meet the 70 months time frame or the seven who declined participation in the body composition assessment.
Analyses
Diet.
Nutritionist IV software (version 4.1) was used to calculate the average nutrient intakeaday for each child at each interview (3 day dietary data for each of six interviews). For most foods consumed by children in this study, the nutrient database for saturated fats was complete; however, it was less complete for other components of dietary fat. When a food had incomplete listings for monounsaturated and polyunsaturated fats, a generic food with more complete listings was used, based on a match for energyanutrient distribution and amount of saturated fat. Nutrient intakes for each child at each time period (3 days of dietary recordsarecalls) were averaged for each time period to give six representative days. Using SAS PROC MEANS, 13 these representative days were used to calculate group means at 27 months (x time of interviews at 24, 28, or 32 months), 34 months (x time of interviews at 28, 32, or 36 months), 42, 48, 54, and 60 months. The group means were compared to the Recommended Dietary Allowance (RDA) 8 and the Dietary Reference Intake (DRI) 14, 15 for the ages 1 ± 3 and 4 ± 6 y. Student's t-test was used to determine signi®cant gender differences in energy and nutrient intakes from 24 ± 60 months. 13 To calculate the total number of servings from the milkadairy products, serving sizes were based on the calcium equivalent for 8 oz (240 ml) of¯uid milk. For example, if a food contained one-half the calcium equivalent, then it was considered half a serving. For each child, the total number of servings were computed from the three days of food intake at each of six interview times. The three day data set was averaged with SAS PROC MEANS 13 to give a representative day for the number of servings of milkadairy products for six representative days Anthropometry. Using SAS PROC MEANS, 13 group means were computed for the children's BMI (kgam 2 ) at 60 months, total body fat (g, %) derived from DEXA measurements at 70 months, and the parents' BMI. Tertiles were formulated based on percent body fat (% BF), and signi®cant anthropometric and body composition differences between the highest and lowest tertiles were determined by Student's t-test.
13
Anthropometric results were compared to normative percentiles for age and gender. 16 Mean height, weight, and BMI by gender at 60 months were computed for the 19 children who did not have body composition assessments. 13 Signi®cant anthropometric differences between the 53 children who participated Calcium intake moderating children's body fat BR Carruth and JD Skinner and the 19 children who did not participate in the DEXA measurements were determined with Student's t-test.
Statistical modeling. General Linear Models (GLM) were developed using body fat (%) or total body fat (g) as the dependent variable, and the independent variables were the children's gender, BMI, parents' BMI, and longitudinal mean intakes of protein, carbohydrate, dietary fat (including saturated, monounsaturated and polyunsaturated fat), calcium, vitamins D and A, and ribo¯avin. Preliminary analyses with PROC R Squared (SAS) were used to determine which combination of variables explained the most variance in body fat and which variables to investigate with GLM models. Correlation matrices showed that parents' BMI was signi®cantly related to child's BMI (P 0.05).
Longitudinal nutrient intakes were based on 6 representative days of dietary intake (3 day data set averaged at each of 6 interview times). Each child's nutrient intake on these representative days were averaged for a mean intake (g or mgaday) that was used as an independent variable in developing the GLM models. Similarly, mean longitudinal servings of dairy products used as an independent variable in the models were derived from a representative day (average of 3 day dietary data set) at each of 6 interviews, and then the 6 day averaged to give a mean longitudinal intake (number of servingsaday) used in model building. The other independent variables were the same whether calcium or servingsaday of dairy products were used in the models. Table 1 describes anthropometric and body fat indices by gender for 53 children. Using normative growth percentiles 16 the males' mean linear height (cm) exceeded the weight percentile. For females, the mean weight and height were within the 50 ± 75th percentiles. Males were taller than the females, but BMI for both genders was at the 50th percentile or slightly higher (norm 15.4 vs males' BMI 15.7). Both increased lean body mass and less body fat of males vs females are re¯ected in the BMI. As shown by the DEXA results, males had signi®cantly lower percent body fat (P 0.01) and more lean body mass (P`0.0001) than females. The range of body fat (%) for each gender was about 2-fold (females 14.3 ± 30.8%; males 11.9 ± 30.8%). The difference between g body fat by gender was nonsigni®cant (P 0.36), and the ratio of fat free mass (g) to fat mass (g) was 4.5 for males and 3.7 for females.
Results
Anthropometry and body composition
To further explore the diversity of body composition and examine extreme values within the group (n 53), tertiles were developed with males and females combined to form two groups that represented the highest and lowest percent of body fat. Table 2 shows that children in the highest body fat group (%) were not signi®cantly different in height from those in the lowest body fat group, but they had signi®cantly greater BMI, body weight (kg), and body fat (%, g). The mean BMI of the highest tertile was at the 75th and the lowest tertiles were slightly higher than the 25th percentile (norm 14.6 vs 15.0). 16 The comparison of the 19 children who did not participate and 53 participants in the study showed there were no signi®cant differences in height (cm), weight (kg), or BMI of females. Weight (kg) and BMI of males in the two groups were not signi®cantly different. However, males (n 29) in Table 3 . Mean energy intakes exceeded the allowance of 1300 kcaladay (kJ 5439) for children 1 ± 3 y, but intakes were less than the 1800 kcaladay (kJ 7531) for Calcium intake moderating children's body fat BR Carruth and JD Skinner children, 4 ± 6 y. 8 From 24 ± 60 months, the amount of fat and protein as percent of energy vary minimally. Children in the study did not gradually decrease their fat intake over time, but had mean intakes of $ 31% by 12 months of age. 11 The protein intakes were 2 to 3 fold the RDA which re¯ects both animal and dairy consumption.
Males had higher mean intakes of energy compared to females at 42, 48, and 54 months, dietary fat and monounsaturated fat at 48 months, and calcium at 54 and 60 months (Table 3) . Although mean intake of dietary fat over time was about 31% of energy, the amount of saturated fat exceeded the recommended 10% to achieve the energy from fatasaturated fat ratio of 30 : 10 by age 5. The saturated to polyunsaturated fat ratios (24 ± 60 months) as shown in Table  3 also suggest that the study children had limited intakes of vegetable oils and consumed more of the foods that contained saturated fats.
Restricting fat in the diets of preschool children may negatively in¯uence nutrient intakes of vitamins A, D, and calcium, because these nutrients are found in milkadairy products that also contain fat, such as whole and reduced fat milks and cheeses. However, results of this study indicate that the dairy foods were not limited, and the most frequently consumed foods that contained larger amounts of fat included: cheeses, 2% fat milk and ice cream. As shown in Table 3 , mean intake of vitamin D over time was b 90% of Adequate Intake (AI) and vitamin A intakes consistently exceeded the recommended allowance for children. Mean calcium intakes (24 ± 60 months) ranged from 791 AE 252 to 968 AE 340 mgaday for males and 698 AE 224 to 808 AE 375 mgaday for females. These intakes meet or exceed 95% of the new AI for calcium for children, 1 ± 3 and 4 ± 6 y of age. 14 Over the study period, vitamin E intakes ranged from 48 ± 51% of the recommended amount. 8, 15 In general, children in the study consumed limited amounts of foods, salad dressing, or vegetable oils that are good sources of vitamin E.
Some ready-to-eat foods, such as french fries and fried chicken, may have been prepared with vegetable oils that provided vitamin E. By using generic coding when vitamin E values were not available from the vendors, the vitamin E values better re¯ect dietary intake. French fries and products of animal origin (eg meats, cheeses, ice cream) were major sources of dietary fat consumed by children in this study. Although there is no recommended allowance for cholesterol, mean intakes were within the normal range of 100 mga1000 kcal. 8 Statistical modeling to relate body fat with dietary intake Using GLM procedures, models with calcium or dairy products as independent variables to predict body fat (% or g) are shown in Tables 4 and 5 . The children's percent and g body fat adjusted for BMI was positively related to mean longitudinal intakes of dietary fat and protein and negatively related to calcium and monounsaturated fat intakes (Table  4) . These results suggest that higher mean longitudinal intakes of calcium and monounsaturated fat were associated with lower body fat at 70 months. Gender was negatively related to percent body fat, but not g body fat. Mean longitudinal intakes of polyunsaturated fat, saturated fat, carbohydrate, and father's BMI did not contribute signi®cantly to the models with calcium. Also, vitamins D and A were not signi®cant in any models with either calcium or servings of dairy products as independent variables to predict body fat of the children.
The GLM models with dairy products, (mean longitudinal servingsaday) as the independent variable are shown in Table  5 . Adjusting for BMI, the variability in percent body fat was signi®cantly and negatively related to mean longitudinal servingsaday of dairy products and gender, and positively related to protein. For the model using total g body fat, higher mean longitudinal servingsaday of dairy products and monounsaturated fat intakes were negatively associated with body fat (g). Gender, protein, and dietary fat did not con- Males had signi®cantly less % BF than females (P 0.01). d Nutrient intakes based on a 3 day dietary data set averaged at each of the 6 interviews to give 6 representative daysachild. Longitudinal nutrient intakeaday refers to an average of the 6 representative days. * P 0.01; males had less fat.
Calcium intake moderating children's body fat BR Carruth and JD Skinner tribute signi®cantly to the g body fat model. The result that gender was signi®cant in the percent body fat models but not signi®cant in the total g body fat models appear contradictory but can be explained by gender differences; percent body fat of males was lower (P 0.01), and their lean body mass was higher than females (P`0.0001), and there was no signi®cant gender difference in total g body fat.
These results with dairy products in the model for total g body fat are consistent with those with calcium in the model (ie higher mean longitudinal intakes of calcium and monounsaturated fat were associated with lower percent and g body fat). In addition, the results with dairy products are consistent with the methodology used for determining serving sizes from the milkadairy group, which was based on calcium equivalents in an 8 oz (240 ml) serving of milk. In this study, dairy foods were the major dietary source of calcium and monounsaturated fat in the children's diets.
Discussion
Mean longitudinal intakes of calcium (mgaday) and monounsaturated fat were signi®cantly and negatively related to lower body fat (%, g). Similarly, mean longitudinal intakes of dairy products (number of servingsaday) and monounsaturated fat intakes were associated negatively with body fat (g), but monounsaturated fat was not a signi®cant predictor of percent body fat (P 0.08). When dairy products compared to calcium were in the predictive models, results for dietary protein, fat, and monounsaturated fat showed similar trends, but some values did not reach statistical signi®cance (eg, P 0.08, P 0.06). However, dairy products contain these nutrients, and this may affect how they contributed to the models. Our ®ndings support the relationship between higher calcium intakes or dairy products and lower body fat as previously reported in human and animal studies. 5 Similarly, the results that protein intakes were positively associated with increased adiposity of children in this study has been reported by other investigators. 17 ± 20 Although there are no adequate reference data for fat free mass, fat mass, and percent of body fat of preschool children, 21 small studies have reported mean body fat for males (ranges $ 18 ± 20%), and for females ( $ 24 ± 26%) who were of comparable age to children in this study. 22, 23 Our results and those of other small studies 21 ± 23 suggest that the physiological gender differences in body fat are observed in preschool children.
Our results show a consistent pattern of fat intake as $ 31% of energy, and total energy intake was apparently adequate as re¯ected by normal growth in these children compared to their ageagender cohorts. Similar results about growth patterns and reduced dietary fat have been reported in preschool Hispanic children, Australian children, and Finnish children. 24 ± 27 In a survey comparison of children's consumption patterns from 1986 ± 1994, dietary intake from the milkadairy group differed by income categories. 28 Children in the highest income group maintained calcium intakes by using low fat andaor fat free milk products. The families in our study were primarily of middle and upper SES, and a majority of the children consumed 2% of fat free milk by 60 months of age, which probably contributed to their 31 ± 33% of energy intake from fat. Our ®ndings about dairy products and body fat may have implications for any population of children who report high intakes of beverages other than milk.
29
A possible mechanism to explain why calcium was a signi®cant factor in predicting body fat (% and total g) of preschool children in this study has been studied in transgenic mice and in human adipocytes. 5 In transgenic mice given various amounts of non-fat dry milk and calcium supplements, a high dairy calcium diet resulted in stimulated lipolysis 5.2-fold over the basal diet. Using in vitro analyses, human adipocytes responded to both 1,25-(OH) 2 -D and parathyroid hormone with dose responsive increases In a randomized controlled clinical trial of reducing diets in adult outpatients, those maintained on a milk-based diet for 16 months had greater weight loss (7.0 vs 1.7 kg) than patients maintained on a conventional hypocaloric diet that was isocaloric to the milk-based diet. The investigators suggested that greater compliance with the novel milk-based diet contributed to the greater weight loss. 30 However, the possible down regulation of lipogenesis and up-regulation of lipolysis with the milk-based diet vs the conventional hypocaloric diet is an alternate explanation for the greater weight loss.
It is unknown whether similar inhibition of lipogenesis and enhanced lipolysis occurs in children who consume diets that contain higher amounts of calcium andaor dairy products. If this mechanism to suppress fat acquisition occurs in preschool children with calcium intakes that meet or exceed the reference intake, then fat as 30% of energy as currently recommended 4 could result in a lower amount of body fat and a decreased potential for adiposity in childhood. However, if preschool children meet current US dietary guidelines for energy intake from fat by limiting their intakes of milkadairy products, dietary calcium intake over time will be reduced. Results of this study also raise the question of whether other components of milkadairy foods are contributing to the relationships between higher calcium intakes and lower body fat. For example, would a calcium supplement produce the same effect on acquisition of body fat in preschool children as the dairy products observed in this study? The adverse effect of chronically low calcium intakes on body composition of preschool children should be studied further, using longitudinal dietary patterns to establish the role of milkadairy products in moderating the acquisition of body fat.
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